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Abstract
Solar farms use direct sunlight when operating; additionally, solar modules produce the most
energy aligned perpendicular to the sun. Single axis solar tracking systems allow the rotation
tilted photovoltaic panels to rotate during the day, maintaining the panels at the utmost efficiency
angle. Achieving maximum power generation and reducing shade on the panels, make it crucial
to have constant optimum positioning. Larger farms contain multiple rows and columns leading
the panels to cast shadows on one another. Backtracking happens when you eliminate or reduce
shadow casted on panels from adjacent modules. Panels positioned equidistantly and on even
terrain allows backtracking to perform well. Throughout the year, the sun’s path changes through
the sky. To effectively eliminate shading, the tracking algorithm must account for the time of
year and corresponding irradiance. These values become the tracker parameters. The project
aims to improve the pre-existing backtracking algorithm to increase energy output. Regularly
changing selected sections in accordance to the tracker parameters the Cal Poly Gold Tree Solar
Farm should achieve maximum production.
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Chapter 1. Introduction
Solar Power technology has exploded in use in the 21st century. Solar Energy, a near endless
source, has multiple harvesting methods. This report focuses on harvesting photovoltaic energy,
the most common form of solar energy. [1]. Photovoltaic (PV) solar energy occurs when light
radiates on a Photovoltaic cell. The solar industry built over 99% of the solar power plants and
photovoltaic modules in the world after 2007 [2]. California Polytechnic State University has
participated in this solar energy boom, building a solar farm generating more than p11 GWh
every year, and powers 25% of the university’s needs [3]. The Cal Poly Goldtree Farm uses
16397 solar panels [4], 8664 TrinaSolar TallMAX M plus panels[5], and 7733 REC TwinPeak 2S
72 SERIES panels from REC Solar [6].
The farm currently uses backtracking technology to prevent shading. Backtracking reduces the
tilt of solar panels so they do not not cast shadows on other panels [7]. Many Cal Poly student
projects focused on improving this backtracking algorithm to produce higher output power. For
example, a recent project completed by Jack Brewer and mentored by Professor Dale Dolan
improved the tracker settings and caused an inverter to produce 14kWh more per day than before
optimization [8]. The project focuses on optimizing the backtracking algorithm even further to
produce more output power.
Challenges occur when the solar farm sits on ground not completely leveled. The sun’s position
changes throughout the day and year, creating disproportionate sun exposure amongst the
different regions of the field. Despite this, many tactics can improve efficiency. For example,
creating a base tilt angle once a month reduces the variation problems[9]. Half-cut cell modules,
such as the RECTwinPeak 2S 72 SERIES, produce more power when backtracking error causes
shading on portions of the panels [10], so areas of the field with RECTwinPeak2S 72 SERIES
panels need to have different input parameters than areas with TallMAX M plus panels.
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Chapter 2. Customer Needs, Requirements, and Specifications
2.1 Customer Needs Assessment

The primary customers for this project include Cal Poly, REC Solar, and Dr. Dale Dolan.
Researching a previous project completed by Jack Brewer and Dale Dolan titled “Optimization
of Backtracking Parameters in the Cal Poly Goldtree Solar Farm” determined the customer needs
[8]. Additionally, the project description provided by Professor Dale Dolan contributed the
remaining customer needs. The customer has requested the optimization of the functioning solar
system tracker. To meet customers’ requests, the project team analyzes the acquired data for
optimum outcome at each location. Module improvements run through a system model. Once
completed, the project should output tracker parameters specific to location in the GoldTree
Solar Farm for optimal performance.
2.2 Requirements and Specifications
The goal of this project incorporates improving methods used to harvest energy at the GoldTree
Solar Farm. Customer requests necessitated the following requirements and specifications. The
main goal of this project includes increasing solar farm efficiency, additionally increasing the
output power. The implementation should not cause the algorithm to become a challenge to use.
The project must also not increase the complexity too far outside the scope of the project. The
Cal Poly EE department allots a maximum of $200 per person on a single senior project. This
requires students to keep costs low.
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TABLE I
Optimization of Single Axis Tracker Settings in the Cal Poly Goldtree Solar Farm
requirements and specifications
Marketing
Requirements

Engineering
Specifications

Justification

2,4

Backtracking optimization results in
5% minimum increase output power

The algorithm already in place dictates the current
panel angle. The new backtracking algorithm must
improve the current method.

2,4

Panel shading falls below 10% for
each panel.

Shading drastically reduces power output, lowering
the shading amount each panel accumulates,
consequently increasing efficiency.

2,4

The angle of the panel reduces
efficiency by a max of 20%, compared
to an ideal panel with no shading, and
a perfect angle.

Changing the angle of the panel, so that it reduces
shading, also causes the panel to produce less energy
because the panel becomes unaligned with the sun.
This rectified angle must not reduce the output
power too extremely.

1,2,5

An automatic algorithm which does
not require human input once
implemented.

An automatic algorithm suggests the worker need
not input any information following implementation.
Costs remain low and usage becomes relatively easy
given the autonomous system.

3,5

100%
remote
tracking system
implementation. Incorporating Wi-fi
and computer access.

Under the coronavirus circumstances, precautions
must take place. Additionally, this facilitates the
algorithm implementation and usage given the
remote access.

1,2,4

Include 12 already existing trackers
for the farm's 16,000 solar panels.

Including all tracker positions helps users adjust
each location to an appropriate angle for maximum
energy production.

Production cost approximately $0.

Focusing on optimization of the existing algorithm
instead of creating something new greatly reduces
cost. No materials need purchasing.

1,3

Marketing Requirements
1. Low cost

2. Increases efficiency of solar farm

3. Minimal increase in complexity
4. High output power
5. Easy to use
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The first engineering specification explains the entire purpose of the project: to increase the
power output from the Cal Poly Gold Tree Farm. A previous project took a shaded panel making
539kWh and increased it by 14kWh [8], about a 2.6% increase. Because this current project has
a longer timeframe than the last, the current plan should improve the output power by 5%. A
small amount of shading on a single cell of a solar panel causes a very large amount of loss due
to the solar cells series circuitry [11]. This makes it extremely important to reduce this shading as
much as possible, because the uneven terrain of the field makes completely eliminating shading
impossible. The current goal is to keep shading at 10% or less.
Limiting the shading causes the angle of the panel to lose efficiency, because they become no
longer perpendicular to the sun. This panel angle cannot reduce the output power by more than
20%, compared to a panel with no shading problems and a perfect angle. Keeping the algorithm
as efficient as possible, The human worker must only input the tracking parameters once, rather
than multiple times. This keeps costs low as no person needs pay for the upkeep of the solar
farm.
The solar farm already contains 12 separate trackers for different sections of the solar farm [4].
This project uses these trackers and improves their input parameters. This keeps the scope of the
project attainable, while also keeping costs low as no additional hardware needs purchasing. The
students on the project team completely fund the project, so the total costs for the project need to
stay at $0. Table VII in chapter 4 of this report goes deeper into cost estimates for this project. No
materials need purchasing for this project because it focuses on improving an existing tracking
algorithm. Because the project team does not receive compensation for their labor, and the
project team already has wifi access, no costs should arise.
TABLE II
Optimization of Single Axis Tracker Settings in the Cal Poly Goldtree Solar Farm Deliverables
Delivery Date

Deliverable Description

October 28th , 2020

ABET Sr. Project Analysis

November 30th, 2020

EE 460 report V2

November 30th, 2020

Design Review

March 9th , 2021

EE 461 demo

March 16th, 2021

EE 461 report

June 1st , 2021

EE 462 demo

June 5th , 2021

Sr. Project Expo Poster

June 8th, 2021

EE 462 report
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Chapter 3. Functional Decomposition (Level 0 and Level 1)

Figure 1: Level 0 Block Diagram
TABLE III
Tracker system parameters functionality table
Module

Tracker System Parameters

Inputs

●

Tracker Data

Outputs

●

Tracker Settings
Power Yield

●

Functionality

Takes in tracker data and outputs optimal tracker settings for maximum power yield.

Figure 2: Level 1 Block Diagram
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TABLE IV
Backtracking algorithm functionality table
Module
Inputs

Outputs
Functionality

Backtracking Algorithm

●

Tracker Shading
Tracker Tilt

●

Tracker Correction

●

Backtracking algorithm module takes in the tilt and shading of the tracker
module and outputs the tilt rectification.

TABLE V
System model functionality table
Module
Inputs

System Model
●
●
●

Outputs

●
●

Functionality

Tracker Correction
Tracker Location
Radiation
Tracker Settings
Power Yield

System Model module takes the tracker rectification from the
backtracking algorithm as well as the tracker location and the sun
radiation. Using MATLAB the system model outputs tracker settings and
power yield.

The block diagrams shown above use a top-down approach explained in Design for Electrical
and Computer Engineers, by Ralph Ford and Chris Coulston [12]. The level 0 block diagram
depicts what the project does. The tracker system takes in a set of data, such as position in the
field, time of day, etc, and outputs tracker settings, and an estimated power yield.
The level 1 block diagram, in Figure 2, provides a breakdown of the inputs and outputs of
different components. The backtracking algorithm takes in the tilt angle of the panel, and the
amount of shading present, to output a new rectified angle. This rectified angle, the panel's
location in the field, and the amount of sunlight are inputted into the system modeled in
MATLAB and output tracker settings and an estimated power yield.
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Chapter 4. Project Planning
TABLE VI
Gantt Chart

Table VI above displays the timeline for this project. Each cell of the chart represents a week of
time. Table VII below shows the project separated in three sections, EE460, EE461 and EE 462,
allowing easy visualization of the tasks completed during each course for the 2020-2021 CalPoly
School year. The expected time calculation uses :
. ta: the most optimistic
amount of time, tm: the most likely time, and tb: the most pessimistic time [12]. These
calculations were measured in hours to get better estimates but converted to approximate days
for the gantt chart in Table VI. Some tasks need more time allotted, these include the project
reports and poster. Such tasks have continuous processes that demand extended periods of time.
There will be time for planning the analysis and then taking the analysis. The team chose these
times using prior data acquisition experience. This process occurs three times thus increasing
optimization. A simulation model proceeds each data analysis instance.

11

TABLE VII
Project timing table

12

TABLE VIII
Project costs table
ITEM

Ca

Cm

Cb

Cost

Justification
The implementation of the project is software based, so no
parts need purchasing.

Parts

$0

$0

$0

$0

MATLAB

$0

$0

$50

$8.33

LTSPICE

$0

$0

$0

$0

Internet

$0

$600

$600

$500

Necessary to acquire data.

Labor

$3120

$4992

$7238

$5054

Assuming 65k annual salary approximately 31.2 dollars
an hour. Labor Costs approximated using three different
times.

Total

$3120

$5592

$7888

$5563

This item analyzes system data.
This simulates solar cell modules. Free software costs
$0.

The following formula estimates the project cost: 𝐶𝑜𝑠𝑡 =

𝐶𝑎+4𝐶𝑚+𝐶𝑏
6

, Ca:the lowest possible

cost, Cm: the most likely cost, and Cm:the highest possible cost [12]. The model used allows for a
more realistic idea of the cost.
The costs generated happen once all project preparation ends. First, the part costs equals $0. The
solar farm has already finished installation, and nothing physical needs creation or change. The
project strictly focuses on improving the backtracking algorithm and parameters. Next,
MATLAB analyzes data collected. Cal Poly gives students MATLAB’s free version, so the most
likely and best case cost would come out to $0. The worst case would occur if Cal Poly stopped
offering MATLAB and a student license needs purchasing, costing $50 [13]. Next, LTSPICE
simulates solar cell modules. LTSPICE, a freeware software, has no cost [14], so the best,
average, and worst case costs all come out to $0. The project requires team members to have
access to the internet for communication and research, adding to the cost. Ideally, the project
members could make use of free wifi, but the most likely and the worst case come out to $50 per
month for 12 months for a total of $600 provided by Spectrum[15]. The project team found labor
cost by taking the average entry level salary for an electrical engineer [16], and using this hourly
wage along with the time estimates in the following section to predict a best, average, and worst
case labor cost. Summing everything, the estimated project cost totals to $5563.
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Chapter 5. Design Adjustments
Further discussions with the project advisor led to changes in the design of this project. Instead
of reworking the already existing backtracking algorithm, this project focused on improving the
input parameters of the algorithm. The input that can be changed is the distance between rows of
panels. The actual rows are spread out 11ft apart, inputting a smaller number will cause the
algorithm to behave as if the panels are closer, flattening out the panels, lowering shading.
Because of this, the project will focus on identifying when shading occurs, and what new
distance should be inputted into the algorithm.

Figure 3: Updated Level 1 Block Diagram
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Chapter 6. Implementation
6.1 GPM Portal
Data for the solar farm can be accessed through the GreenPowerMonitor Portal. This online
interface allows data, such as active power and panel angle, to be displayed visually for each
inverter.

Figure 4: GreenPowerMonitor Portal Active Power
Figure 4 shows the active power from inverter 49, blue, and inverter 46, pink, from 3:30pm to
9:00pm on June 18th, 2020. Inverter 49 depicts how the panels should behave during the
afternoon, a slow decay in power as the sun lowers. Inverter 46 depicts a clear case of shading,
which can be seen by the sharp drop in active power. By eliminating this shading, the graph of
inverter 46 will match closer to inverter 49, producing more power and thus improving the
efficiency of the farm. While the GPM portal is helpful for a visual representation of the data,
this project must read and analyze a year's worth of data from all 75 inverters.

6.2 Gold Tree SDK
To access large amounts of data at once, a Python script was given to us that allowed for values
from the inverters to be stored in a large excel file. This script, written by Patrick Salter, makes
use of the Gold Tree SDK created by Jonathan Scott. The portion of the code that was edited to
fit this project was the start and end times as well as the production ID’s for the data desired. The
start and end times are unix timestamps, a way for computer systems to track time. A unix
timestamp is the amount of seconds since January 1st, 1970 UTC.
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Figure 5: Unix TimeStamp
An example of the unix timestamps for April 1st, 2021 at 12:00AM to May 1st, 2021 at
12:00AM is provided in Figure 5. The data was collected by month because larger sets of time
would often cause the program to crash. 75 production ID’s would then be selected, one for each
of the inverters, all specifying the data requested is the active power. After running this program,
an excel sheet outputs the data requested in 1 minute intervals if before September 18th, 2020,
and in 5 minute intervals if on September 18th, 2020 or after.

6.3 MATLAB Code
6.3.1 ShadingFinder.m
This matlab file takes in an excel sheet that contains the active power data for the 75 inverters
created by the Gold Tree SDK. The code can work for any length of time, but the process was
run in one month increments from January 2020 to April 2021. After the file is run, an output file
is created that identifies shaded inverters. The columns of the excel file are the inverters, while
the rows contain labels for the days. If a cell has a 1, that inverter is shaded on that day, if it
shows a zero, minimal or no shading occurs.

Figure 6: Code that Reads in Active Power from file created by Gold Tree SDK
The file begins, as shown in Figure 6, by reading in the output file from the Gold Tree SDK; the
user must make sure to edit the string within the readmatrix() function. The amount of inverters
is found by fencing the amount of columns in the input file, while the amount of days is found by
a calculation using the amount of rows in the input file. As can be seen in the code above, on line
9 the amount of rows is divided by 288. This is because in 24 hours there are 288 5-minute
blocks. So for months where the Gold Tree SDK outputs in 5-minute intervals, before september
16

2020 , this number is used. This occurs multiple times throughout this file and others, so For
months after, the number must be changed to 1440, as there are 1440 minutes in a day. Lines 10
and 11 initialize matrices of zeros that will be used later on.

Figure 7: before September 2020, line 18 should be “ for j = 1:5:1440 ”.
The first for loop breaks the data down to be analyzed in days. The variable tempDayData is
updated each pass through of the for loop with the input data for a single day. bestInverter is a
matrix that is updated with the inverter number that produces the most power in a day. The next
two for loops allow the data to be analyzed in 5 minute increments for each of the 75 inverters.
The if-statement compares the power output from the best inverter at a specific time to that of all
of the other inverters. If an inverter’s power output is more than 10kW lower than the best
inverter, the z matrix is incremented for that inverter during that day. The output of this stage is
the z matrix that contains how many times each inverter was significantly below the best inverter
for each day.

Figure 8: Code to Create Zero Matrix
Line 28, in Figure 8, creates a matrix of zeros that will store whether an inverter is shaded for a
specific day. The for loops then go through the z matrix created previously. If an inverter had
17

significantly low output power more than 15 times in one day, the shaded matrix would be
updated with a 1, signifying it was shading for that day. Line 38 creates an excel file of the
shaded matrix created earlier. The user must change the string on this line to the name of the
desired output file.

6.3.2 EnergyDifference.m

Figure 9:Energy Difference Matlab File
The matlab file, in Figure 9, is used to find the approximated energy that could be saved if the
shading was fixed. This script must be run after ShadingFinder.m because variables created in
that file must still be in the user’s matlab workspace. This file again has a for loop that allows the
data to be analyzed day by day. Each day, the energy from the best inverter is calculated based on
its average power. Then another for loop goes through each inverter. An if statement checks the
shaded matrix if an inverter was shaded on that day. If so, the difference in energy of that inverter
and the best inverter is halved, then added to the totalShadedEnergyFixed variable. The
difference is halved because it is assumed that not all of the difference in power can be saved
because of other factors not related to shading. This variable is then added to the fixedByDay
matrix. The fixedByDay matrix is the output of this script, which stores the total energy that
would be fixed for each day.
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6.2.3 TrackerShadingFinder.m
The Cal Poly Gold Tree Farm has 75 inverters but 12 separate trackers. Each tracker contains 4
to 8 of the inverters. Each tracker backtracking algorithm works seperealty and has its own input
for row spacing. Because of this the shading for each tracker must be found by finding the
shading for each of its trackers. For this matlab file to be run, ShadingFinder.m must be run for
each of the months that need to be tracked.

Figure 10: Matlab Code to Assign Inverters to Trackers
The 12 trackers of the farm are labeled as x1, x2, x3, x4, y1, y2, y3, y4, z1, z2, z3, and z4 seen in
Figure 10. Lines 1-12 above create matrices that hold the numbers of the inverters for each of
these trackers. The trackers variable is an array that contains each of the matrices formed above.
The files variable contains the names of all of the shaded files that will be analyzed.
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Figure 11: Code to Output Percent Shaded
Figure 11 shows the first for loop that allows the data to be analyzed for each month. The second
for loop allows for the data to be analyzed for each tracker. The data is then further broken up
into the first half of the month, first 15 days, and the second half of the month, any days after
that. The percent shaded is found by totaling all of the times an inverter from a tracker was
considered shaded, and dividing by the total number of days times the amount of inverters. The
output of this script is an excel file that contains a percentage reflecting how often the inverters
in a tracker are shaded. The columns of the excel file are the trackers while the rows are half
month increments. So for example, Tracker 1 has inverters 1-6. If inverters 1-5 are shaded
everyday and inverter 6 is shaded the first 5 days of the month, the percent shaded for the first
half of the month would be (15+15+15+15+15+5) / (6*15) = 88.9%
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6.2.4. DistanceFinder.m
The purpose of the matlab script, in Figure 12, is to use the shading data to find new optimized
row spacing parameters. Because of this, ShadingFinder.m needs to be run before this file is run
for the specific month that is being examined. Once again, for months before September 2020,
all instances of the number 288 in this code should be replaced with 1440.

Figure 12: Matlab Script to Find Distance Optimized

This section of the code, in Figure 12, finds how much power loss is occurring at the worst
point of the day for each shaded inverter, compared to the inverter producing the most power.
The for loops go through each minute of the day for each inverter. If an inverter was found to be
shaded the difference in the power output between it and the best performing is stored in the
worstShading matrix. The minute that this occurs is also stored in the when matrix. Going
through the for loop again, if the power difference is greater than it was already found to be for
that inverter on that day, the worstShading and when matrices are updated. By the end of this
section of code, the worstShading matrix is 31x75 and contains the worst amount of shading for
each inverter on each day, or 0 if there is no shading. The when matrix is also 31x75 and
contains the times of worst shading.
21

Figure 13: Code to Find Average Percent of Shading Occuring
The above section of code, in Figure 13, finds the average percent of shading occurring for each
inverter during a month. This is done by going through the worstShading matrix and dividing by
the power output of the best inverters power output. The percentages for each day are then
summed and divided by the amount of days in the month, creating the matrix
worstShadingPercentAverage which contains the average amount of shading for each inverter at
its worst point in the day. The average time this occurs is also found and stored in the
NonZeroAverage matrix by taking the when matrix and averaging all non-zero values.

Figure 14: Code that Makes Worst Shading Per Tracker Matrix
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The code in Figure 14 takes the data found above that is broken up into inverters and converts it
to the appropriate tracker. It does this by taking the inverter with the worst average shading and
putting that into the worstShadingPerTracker matrix. The worst is taken because any amount of
shading is extremely detrimental to power output so leaving just a small amount of shading will
cause large amounts of power loss. The time this occurs is also found and stored in the
shadingTimeClock matrix as a readable time for the user.

Figure 15: Code to Output New Spacing Parameter
For the code in Figure 15 to work, the user must use the time found in the shadingTimeClock to
find the angle the tracker is set to at that time. This is done by going into the GPM Portal and
manually searching for it and placing it in the angleOfPanel matrix. The user must also put the
current row spacing parameter in the currentDistance matrix, once this is done the script must be
run again. With the angle of the panel, along with the percent of the tracker shaded, a new
distance can be found. Because solar cells in panels are in series, any amount of shading on the
bottom cell affects the power output of the entire panel. So if the bottom cell is completely
covered, the power output of the panel will be zero. If the bottom cell is 50% covered, the power
output of the cell will be 50% of its maximum potential. The percent in the
worsShadingPerTracker matrix can then be multiplied times the cell length of the panel to find
the length of the panel that is covered. With this distance along with the angle of the panel, a
simple trigonometry equation can then be used to find the horizontal distance the panel would
need to be moved to no longer be shaded. This distance is stored in the distanceChange matrix on
line 125. To eliminate the shading present, the backtracking algorithm must think the panels are
closer than they actually are, which would cause the algorithm to flatten the panels out. Because
of this, line 129 takes the current row spacing parameter and subtracts this distance to find the
new row spacing parameter, storing it in the newDistance matrix.
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Chapter 7. Results
7.1 MATLAB Data

Figure 16: ShadingFinder.m Output from January 2020
Figure 16 is taken from the excel sheet produced by the ShadingFinder.m script. This shows the
shading for the inverters throughout January 2020. The inverters make up the columns and the
days of the month make up the rows. 1’s represent shading while 0’s represent no shading.

Figure 17: TrackerShadingFinder.m Output Excel File
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The excel file shown in Figure 17 is the output of the TrackerShadingFinder.m script. This excel
file contains the percentages for how often a tracker has shading occur. The columns represent
the 12 trackers while the rows are half month increments. The coloring of the cells scales with
percent of shading. A heavily shaded tracker would produce a deeper red, while a non-shaded
tracker would produce a green cell. The break in the image during august represents the last time
the backtracking algorithm row spacing parameters were changed. As can be seen, a lot of
shading was eliminated, but still some shading occurs.
TABLE IX
Projected Energy Yield
Month

Current Energy
Yield(MWh)

Projected Yield
(MWh)

October 2020

719.014

14.107

November 2020

605.220

24.239

December 2020

506.330

20.933

January 2021

520.340

17.354

February 2021

724.910

20.123

March 2021

931.290

18.942

April 2021

1,412.962

16.473

Total

5,420.066

132.175

Table IX contains the output data from EnergyDifference.m when summed together for each
month from October 2020 to April 2021. The solar farm produces approximately 11,000 MWh
every year [3]. Based on the results in table IX and the adjustment made to the yearly production
accounting for the missing summer months, , the new parameters are projected to produce 2.43%
more energy. This is less than what was planned in the first Engineering Specification, but is still
a significant improvement.
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7.2 New Parameters
TABLE X
New Tracker Position Adjustments
Tracker

October

November

December

January

February

March

April

X1

9.82

9.74

9.74

9.77

9.73

9.71

9.95

X2

9.61

9.6

9.59

9.64

9.56

9.55

9.62

X3

10.29

10.17

10.18

10.22

10.1

10.19

10.35

X4

10

10

10

10

10

9.97

9.92

Y1

10.45

10.45

10.45

10.45

10.45

10.39

10.33

Y2

10.54

10.49

10.53

10.54

10.42

10.55

10.58

Y3

8.44

8.39

8.44

8.46

8.4

8.41

8.44

Y4

11.15

11.15

11.15

11.13

11.15

11.15

11.15

Z1

9.32

9.32

9.33

9.36

9.32

9.31

9.35

Z2

10.98

11.01

11.01

11.01

11.01

10.94

10.97

Z3

11.09

11.2

11.2

11.18

11.04

11.03

11.1

Z4

11.95

11.99

12.16

12.22

12.25

12.21

12.25

This table above contains the final results of this project. These are the new proposed row
spacing parameters that would help to eliminate shading occurring at the Gold Tree Solar Farm.
The aforementioned distance between rows is eleven feet. As can be seen, sometimes the input
into the algorithm needs to be much lower than this, for example tracker Y3 has a setting of
8.39ft on November 2020. This would mean that there is a large amount of shading occurring for
that tracker. This matches what was found previously in Figure 17 (TrackerShadingFinder.m
Output Excel File) as tracker y3 has one of one of the most severe cases of shading. Sometimes
the settings can be larger than 11ft, this can be seen in tracker y4 where it is consistently set
around 11.15ft. This is because there is little to now shading for that tracker, again backed up by
what was found in Figure 17 (TrackerShadingFinder.m Output Excel File). New input
parameters were found for the months of October 2020 to April 2021 because those were the
months with available data after the last set of changes in August.
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7.3 Actual Cost
TABLE XI
Actual Project Costs
ITEM

Cost

Justification

Parts

$0

The implementation of the project is software based, so no
parts need purchasing.

MATLAB

$0

Matlab was free with a student account

LTSPICE

$0

LTSPICE was not used in this project

Internet

$0

All members of the senior project group already had
access to the internet

Labor

$0

Members of the Senior Project group did not receive
payment

Total

$0

Because this project was entirely done online with no hardware being created, no parts needed to
be bought. All of the software used was free for Cal Poly students and the members of the team
were not paid. This produced a total cost of $0. This means the 7th Engineering Specification in
Table 1 was accomplished successfully.

Chapter 8. Conclusion
This project focused on identifying shading in the Cal Poly Gold Tree Solar Farm and finding
new row spacing parameters for the backtracking algorithm. These settings have not yet been
implemented because of COVID-19 restrictions and communication needing to be done with
REC Solar. However, based on the previous changes in August having a significant effect
reducing shading, the new parameters found here should also create more output power. During a
visit to the farm, the project team found that the trackers that were expected to be shaded were
actually shaded. This is further evidence that the new parameters will be beneficial. Many
changes occurred throughout the process of this project after the planning phase because new
information became available to the project team. Regardless, many of the engineering
specifications were still accomplished, and the project was a success.
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8.1 Possible Improvements / Future Work
Overall the project went smoothly and many of the goals set were accomplished. However, alot
of the process could be optimized better to produce better parameters with less estimation, more
accuracy, and less labor from the user.
The matlab scripts work differently for months before and after september 2020 due to the Gold
Tree SDK pulling the data in 1-minute increments before and 5-minute increments after. The
code could be optimized by checking whether or not the data input is from a month before or
after september 2020 rather than having the user edit the code. Another portion of the matlab
code that could be optimized is in DistanceFinder.m. For this file to produce results, the user has
to run it once to find the time of worst shading, go into the GPM portal, find the angle of the
tracker at this time, input these angles into the correct matrix, and run the file again. This could
be improved by using the Gold Tree SDK to get the angle data for all of the trackers and use this
excel sheet as another input into the script. This would allow the script to only be done once, and
the user would not need to have an active role in finding the data.
Another problem encountered was that the specifics of the backtracking algorithm were not
known by the project team.The trigonometric equation on line 125 of DistanceFinder.m was an
approximation, but if the team had access to the backtracking algorithm a more precise number
for the new row spacing could be found.
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APPENDIX A — SENIOR PROJECT ANALYSIS
Project Title: Optimization of Single Axis Tracker Settings in the Cal Poly Goldtree Solar Farm
Student’s Name: Chaz Studdard and Liliana Reyes
Student’s Signature
Advisor’s Name: Dale Dolan

Advisor’s Initials:

Summary of Functional Requirements
The overall function of this project provides tracking parameters for various parts of the CalPoly Goldtree solar
farm. This project uses pre-existing trackers built into the solar modules in addition to a backtracking algorithm.
The goal focuses on maximizing output energy with minimal increase in complexity as well as low cost. The
optimization of the tracker settings increases solar energy revenue.
Primary Constraints
Implementation of the backtracking algorithm occurs solely with software. Learning how this software works
may prove difficult for the project team. The project also focuses on solar energy, and neither of the project
team members are experts in this field, so research must occur on this topic. COVID-19 remains a notable
constraint for this project. Due to the restrictions and guidelines recommended by the CDC, Cal Poly practices
remote teaching and learning, therefore making campus resources scarce. Another constraint presented with the
aforementioned information is access to the internet and data. The data provided by REC Solar may not take
into account things like global warming or may only include a few years.
Economic

Implementation of the project happens using the software already in place at the Cal Poly Goldtree Farm,
limiting production costs. Any costs that could accumulate would occur when purchasing software that allows
for the simulation of solar panels. Because this can mostly be done with free software, this does not raise an
issue.
Unpaid Cal Poly students create the algorithm, and implementation of the algorithm limits input from humans,
as it functions automatically. This keeps cost low because no person needs payment. The solar farm already
exists, and has functional backtracking software, so material costs never occur. The solar farm produces power
from solar energy, a renewable, sustainable resource. The energy produced by the solar farm powers about 25%
of the Cal Poly campus, so this project earns the university money by cutting down power bills.
We, the students, are the human capital within this project. We develop our abilities within the field of
engineering and renewable energy. In terms of financial capital, Cal Poly acquires improved solar panel output,
thus maximizing its energy production at a reduced cost. Regarding natural capital, solar panels aid pollution
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reduction. This reduces the usage of non-renewable resources and increases our society’s capacity to meet
standards and regulations that aim for a greener existence.
The project ends May 31,2021, when the final backtracking algorithm completes and implements. This
backtracking algorithm works automatically and does not need to take new inputs. This algorithm lasts as long
as needed, unless redesigned or replaced with something else. Benefits and costs for this project occur at
completion. At the moment, the estimated project cost comes out to $0 because the students do not receive
payment, the backtracking algorithm is already implemented, and simulation software such as MATLAB and
LTSpice do not cost money for Cal Poly Students. Any costs that do occur should fall beneath the $200 that Cal
Poly provides for senior projects. Maintenance includes the personnel who need training on how to adjust the
tracker parameters for optimum output.
If manufactured on a commercial basis
Cal Poly and REC Solar already manufactured the solar farm and backtracking algorithm. The project saves
money for the consumer, instead of purchasing multiple trackers and creating budgetary concerns without
knowing the overall outcome of implementation. At a low to no-cost service, other consumers may want to use
it considering its cost efficiency. Estimated profit increases would grow by 10% yearly.
Environmental
The Cal Poly Goldtree Farm already exists and contains 16,000 solar panels. Eventually, these panels stop
functioning and need replacing, this produces waste because solar panels contain multiple parts which only
become partially recyclable.[] The farm uses solar energy, which in turn means renewable and sustainable
energy. Improving the efficiency of the farm using the backtracking algorithm, decreases Cal Poly’s reliance on
non-renewable sources of power. Instead of confining sheep owned by Cal Poly to small cages, the college of
agriculture allows the sheep to graze the solar farm field. The sheep eat weeds in order to keep wiring of solar
panels free of damage. Sheep provide a phenomenal source of cost-efficient upkeep.
Manufacturability
The manufacturability takes effect with the solar panels that are already installed. Module malfunctions occur
throughout the lifespan of solar panels. During the installation of the tracker, pre-existing manufacturing defects
may emerge.
Sustainability
By producing more power, the project naturally focuses on sustainability. Since the solar farm produces more
power, Cal Poly limits its reliance on energy coming from non-renewable resources.
The completed project must work automatically, with no user input into the algorithm. It may be advantageous
to edit this backtracking algorithm once the project finishes. During the process of this senior project, a large
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amount of documentation must occur about how the algorithm works, and its implementation. This enables
future improvements if needed. Overall, solar energy provides sustainability and cost-efficiency.

Ethical
Utilitarianism, an ethical theory, states an action can only be right and moral, if it maximizes happiness or
well-being for the greatest number of people. By improving the efficiency of the solar farm, and making the
University less reliant on non-renewable sources of energy, this project helps the environment, and produces a
more sustainable future for the Cal Poly community. The only negative effects this project could cause would
be stress for the members of the project team. Because the good outweighs the bad, this project would be
ethical under a Utilitarian lens.
The fifth point of the IEEE code of ethics is, “to seek, accept, and offer honest criticism of technical work, to
acknowledge and correct errors, to be honest and realistic in stating claims or estimates based on available data,
and to properly credit the contributions of others.” Neither of the members of the project team are experts in the
solar field. We need help from other sources, and must cite and acknowledge any help we receive.
This project’s implementation impacts the continual use of renewable energy. In conjunction with the IEEE
code of ethics this project hopes to improve the understanding by individuals and society of the capabilities and
societal implications of conventional and emerging technologies, including intelligent systems, in this case solar
panels

Health and Safety
The current COVID-19 pandemic has made many senior projects difficult. This project team can create and
implement the project from home, because of the software used. This allows for proper social distancing,
protecting the health of the people involved with the project. Aside from the aforementioned, practically no
health and safety concerns arise associated with the designing or manufacturing of this project. Considering
solar panels deal with high current, any tracker adjustments could possibly, although unlikely, prove harmful
when improved.
Social and Political
Stakeholders for this project include the project team, Cal Poly students, Cal Poly administration etc. The
project most directly affects the project team and the Cal Poly administration. Overall the stakeholders with the
most losses become the members of the project team because they need the project to reach success in order to
graduate.
Solar energy has incorporated itself within the construct of our social and political landscape. Introduction of
more policies that greatly impact the environment, make it apparent that solar energy has become a
developmental influence on the future of our natural and global resources. The development and
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implementation this project brings, impacts many direct and indirect stakeholders. The global landscape of
energy consumption continues growing exponentially. In order to improve self-sufficiency and continue leaving
a smaller carbon footprint on the environment more resources switch to solar energy. Those impacted depend
on the magnitude of the project. It can range from communities, to cities, to the entire world. Solar panels are
already installed within the confines of Cal Poly, therefore no additional labor needed in order to fulfill the
project arises. However, this project can have implications on the fossil fuel and nuclear industries. Optimizing
solar panels can greatly increase the use of solar energy, thus reducing the consumption of the aforementioned
methods. Currently, this project only affects communities that have an established means of solar energy.
For the Cal Poly administration, if the project goes successfully, the backtracking algorithm increases Cal
Poly’s solar energy reserves, lowering Cal Poly’s energy expenditure on non-renewable resources. If the project
fails, the current backtracking algorithm continues use, and everything remains the same. Cal Poly students may
not notice much change whether or not the project achieves success, but if they do, they use more renewable
energy, living slightly more sustainable lives.
Development
Many things learned so far on the topic of solar energy prove useful throughout the course of the project. For
example, research found that the project team can simulate solar cells with a simple circuit consisting of a
current source, diode, two resistors, and a voltage source. This increases functionality because a solar panel
contains many connected solar cells. Upon completing this project, our familiarity in photovoltaic systems
improves. We expect to learn about different types of backtracking algorithms as well as new ways of
optimizing solar systems. We also become familiar with system modeling on programs like MATLAB and other
popular solar simulators.
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